The Office of Financial Research (OFR) has a mandate to measure and monitor risks to U.S. financial stability. To help fulfill that mandate, the OFR launched the Financial System Vulnerabilities Monitor (FSVM) in 2017. The monitor is a starting point for assessing vulnerabilities in the U.S. financial system. It is constructed as a heat map of 58 quantitative indicators. It is designed to provide early warning signals of potential financial system vulnerabilities that merit investigation. This paper details the monitor's purpose, construction, interpretation, and use.
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Introduction
After the 2007-09 financial crisis, there was a broad realization that official monitoring of the financial system had been inadequate. The creation of the OFR was intended to be part of the solution. The OFR is mandated to monitor risks across the entire financial system -including areas outside formal supervisory oversight -and to create tools to improve the measurement and monitoring of such risks. The OFR focuses on risks that could threaten U.S. financial stability. We define financial stability as the ability of the financial system to provide its basic functions even under stress.
Monitoring financial stability requires tracking both vulnerabilities and stress. The OFR Financial System Vulnerabilities Monitor identifies potential financial system vulnerabilities. Vulnerabilities are factors that can originate, amplify, or transmit disruptions in the financial system. For example, the reliance of Lehman Brothers and other broker-dealers on unstable funding was a vulnerability that allowed runs on those firms in 2008. The OFR has also developed the Financial Stress Index to identify the magnitude and sources of stress (see Monin, 2017) . Stress is a disruption in the normal functioning of the financial system. Stress can be minor, as seen in a brief period of uncertainty and price volatility in the equity market. Or it can be major, like the stress precipitated by the runs on The FSVM is designed to provide early-warning signals of potential U.S. financial system vulnerabilities that merit investigation. For example, it shows rising potential vulnerabilities in the years leading up to the 2007-09 financial crisis. However, it does not provide conclusions about financial stability. Such conclusions require expert assessment, and should incorporate a broader set of quantitative and qualitative information than can be included in this monitor. The OFR continually monitors this broader set of information and provides an overall assessment of U.S. financial stability in its Financial Stability Report and Annual Report.
Section 2 of this paper describes our motivation for creating a heat map, and compares it to other financial stability heat maps. Section 3 describes how the heat map is constructed. Specifically, it explains how indicators are selected and scored, and then explains how those indicator scores are combined to create aggregate scores for each of the six risk categories. Section 4 describes the performance of the heat map. The FSVM shows elevated levels of key vulnerabilities well before the 2007-09 financial crisis. Section 5 describes some of the limitations of the FSVM. Inevitably, it cannot cover all potential vulnerabilities. Also, as a quantitative tool, it does not incorporate qualitative information that can be essential to financial stability analysis. Section 6 describes how the monitor should be interpreted and used. The final section concludes.
Financial System Vulnerabilities and Financial System Heat Maps
The FSVM fulfills two aspects of the OFR's mandate: (1) to monitor U.S. financial stability and (2) to develop tools for measuring risks to financial stability. Measuring risks to financial stability requires examining a large body of heterogeneous data series. The heat-map format of the FSVM allows users to more easily examine a large and heterogeneous set of data because it standardizes and color-codes the data. The standardization allows users to compare across otherwise incomparable data series. The color-coding allows users to look at a large set of data and quickly identify the areas of highest potential vulnerabilities -namely, those that are scored red or orange.
Other institutions also find the heat-map format valuable for monitoring financial stability data. The International Monetary Fund (IMF) and the Federal Reserve Board (FRB) also produce heat maps of financial stability (see Dattels and others, 2010, and Aikman and others, 2017 The FSVM and FRB heat maps differ from that of the IMF in their use of data versus judgment.
The colors displayed in the IMF heat map represent a combination of data results and expert judgment. "The final choice of positioning on the Map represents the best judgment of IMF staff,"
according to Dattels and others (2010) . In contrast, the FSVM and FRB heat maps represent the 6 data alone and are not necessarily in line with staff assessments. They are only starting points for broader staff assessments.
Construction of the Monitor
The FSVM is a heat map constructed of 58 quantitative indicators. The indicators measure potential vulnerabilities that could originate, transmit, or amplify disruptions in the U.S. financial system.
The development of the monitor involved three steps:
1. Indicator selection, 2. Indicator scoring, 3. Aggregation.
Indicator Selection
Indicator selection began with a broad review of studies of financial stability vulnerabilities, including empirical studies and monitoring frameworks used by others in the official sector. 3 This review yielded more than 200 quantitative indicators that could be considered. We organized indicators using six key categories of vulnerabilities that can contribute to financial instability. The OFR also uses these categories to organize its overall assessment of financial stability in its Financial Stability Report and Annual Report. Those categories are defined in Figure 3 .
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Figure 3. FSVM Indicator Category Definitions
Category Definition
Macroeconomic
Contains measures of macroeconomic risks to the financial system such as inflation, excessive government borrowing, and excessive reliance on cross-border financing.
Market
Contains measures of market risk such as excessive valuations, low risk premiums, and excesses in financial risk appetite and risk-taking.
Credit
Contains measures of credit risk in the real economy -the risk of widespread credit defaults or delinquencies by households and nonfinancial businesses.
Solvency & leverage Contains measures of excessive leverage at financial institutions or other risks to their solvency.
Funding & liquidity Contains measures of risks in short-term funding arrangements and liquidity for financial markets and financial institutions.
Contagion
Contains measures of potential vulnerabilities from stress transmission across financial institutions and markets, within concentrated financial sectors, and from other countries to the U.S. financial system.
Source: Office of Financial Research
We selected indicators for inclusion in the FSVM using the following criteria:
 The indicator must measure a potential vulnerability for the U.S. financial system, including vulnerabilities to the United States that emanate from abroad.  The indicator must vary over time, and its variance should measure the vulnerability in question; it should not contain any trend, shift, or break that is plausibly caused by any factor other than the vulnerability in question.
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 The indicator must have sufficient data to establish a multi-cycle distribution (in practice, the data must include at least two U.S. recessions and expansions, beginning with the 2001 U.S. recession).  Indicators that provide an earlier signal of vulnerability get priority. In other words, where multiple indicators of the same vulnerability satisfy the other selection criteria, the indicator that provides the earliest signal is selected. This improves the early-warning power of the monitor.
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 The full set of selected indicators should cover all six risk categories and key subcategories identified in the literature, to the extent permitted by available data.  The full set of selected indicators should cover all major components of the U.S. financial system, to the extent permitted by available data.
The selected indicators are listed in Appendix A, with their specifications and data sources.
Indicator Scoring
For each quarterly observation, an indicator is color-coded based on its position within a long-term range. The monitor uses six discrete colors, conveying increasing degrees of potential vulnerability, as shown in Figure 4 .
Figure 4. FSVM Color Legend
Indicators are scored in two steps (see Figure 5 ). In the first step, each indicator's quarterly observations are ranked from lowest to highest potential vulnerability. Ranked scores are converted to percentiles. In the second step, percentiles are translated to heat-map colors. Each color represents one-sixth of the observations for each indicator.
Figure 5. FSVM Indicator Scoring Methodology
Step 1 Each indicator's quarterly observations are ranked from lowest potential vulnerability (1) to highest potential vulnerability (n), where n is the number of observations being scored for that indicator. Ranked scores are converted to percentiles: percentile = ordinal rank/n.
Step 2
Percentiles are translated to heat-map colors such that each color represents an equal share of the distribution, per the table below. Each color represents one-sixth of the observations for each indicator. For each step, we considered various options before arriving at this method.
For
Step 1 -transforming each indicator observation into a numerical risk score -we considered two classes of methods:
 The risk score is based on an ordinal ranking of each observation in its long-term distribution (the chosen method).  The risk score is based on the observation's deviation from the center (such as the mean or median) of its long-term distribution.
Step 2 -translating the numerical risk score into a heat-map color -we also considered two classes of methods:
 Each color represents an equal share of the long-term distribution (the chosen method).  Colors represent different shares of the distribution, and those shares are determined by statistical methods or judgment.
We evaluated the various combinations of these methods based on three criteria:
A. Timeliness. The results should provide timely signals of the vulnerabilities that contribute to financial instability. B. Variation. The results should have sufficient variation over time to make the signals credible. C. Simplicity. The methodology should be as simple as possible, for ease of interpreting and explaining the signals generated by the monitor.
We found that several combinations of these methods perform well on criteria A and B. To maximize performance on criterion C -simplicity and ease of interpretation -we selected the ordinal-ranking and equal-shares methods. We judged that a simple ranking of observations from highest to lowest risk is more intuitive than scoring based on distance from center. We also judged colors that represent equal shares of the distribution to be easier to interpret, and we do not have a strong theoretical or empirical basis for any other alignment of the colors.
We only use data series that begin during or before the 2001 U.S. recession. This threshold assures the scores reflect variation in the indicators through at least two U.S. economic downturns and expansions. We do not use data prior to 1990, although some datasets go back further in time, because the structure of the U.S. financial system was quite different in the past. For example, the financial system changed in the 1990s with the growth in interstate banking, the increasing diversification of commercial-bank business models, and the growth of derivatives and other new products. Still, the choice of 1990 is judgmental, as there is no single transformation point for the structure of the system. 
Aggregation
Scores for the six risk categories are created by aggregating the underlying indicator scores. As with the indicator scores, the category scores are color-coded to convey increasing degrees of potential vulnerability, based on each observation's position within its long-term range.
Aggregation involves three steps (see Figure 6 ). In Step 1, for each quarter in which all indicators in a category contain data, those indicators are aggregated as the arithmetic average of their percentile scores. In
Step 2, as in Indicator Scoring
Step 1, the resulting averages for each category are ranked from lowest to highest potential vulnerability. Ranked scores are converted to percentiles. In Step 3, as in Indicator Scoring
Step 2, percentiles are translated to heat-map colors such that each color represents an equal share of the distribution.
Figure 6. FSVM Aggregation Methodology
Step 1 For each quarter in which all indicators in a category contain data, those indicators are aggregated as the arithmetic average of their percentile scores.
The resulting average quarterly observations for each category are ranked from lowest potential vulnerability (1) to highest potential vulnerability (n), where n is the number of average observations being scored for that category. Ranked scores are converted to percentiles: percentile = ordinal rank/n.
Step 3
Percentiles are translated to heat-map colors such that each color represents an equal share of the distribution. Each color represents one-sixth of the observations for each indicator. We evaluated the various combinations of methods based on the same criteria as in indicator scoring: timeliness, variation, and simplicity.
Step 1, we found that methods accounting for center and variance do provide timelier signals of the vulnerabilities known to exist before the 2007-09 financial crisis. However, they could falsely 12 signal benign conditions in the future. That is because they could signal lower risk when all indicator scores are elevated (low variance) than they would signal when some are elevated and others are low (high variance). We consider this an unacceptable result: a state in which most or all indicator scores are elevated should be more concerning than one in which fewer are elevated. We thus limited our consideration to methods that account strictly for the center of underlying indicator scores. In doing so, we accept that aggregate scores will dilute the signals from divergent indicators. Aggregation involves some loss of the underlying information, which makes it critical to consider any category score alongside its underlying indicator scores. 
Performance
The initial heat-map scores for all indicators are presented in Appendix B. Scores for the category aggregates are presented in Appendix C. Updated scores for the categories and indicators are published each quarter on the OFR's FSVM Web page.
The heat map meets our three criteria for indicator scoring and aggregation.
Criterion A: The FSVM should provide timely signals of the vulnerabilities that contribute to financial instability.
We find that the FSVM shows elevated levels of key vulnerabilities well before the financial crisis.
Specifically, key indicator scores within market risk (real estate valuations), credit risk (mortgage credit risk), solvency/leverage risk (bank and bank holding company capital and leverage ratios), and funding/liquidity risk (bank and bank holding company liquidity ratios) show increasingly elevated vulnerabilities three to five years before the financial crisis.
However, not all vulnerabilities have equally timely indicators. In particular, key measures of funding risk, trading liquidity risk, and cross-institution contagion risk fail to signal vulnerabilities until stress occurs, at which point there is limited or no time to mitigate the vulnerability. We included these indicators nonetheless because they measure relevant financial system vulnerabilities. It would be possible to engineer a heat map in which the indicators were always red or orange.
However, such a heat map would be a poor early-warning system. Our methodology guarantees sufficient variation across the six colors: for all indicators and categories, each heat-map color is reported an equal share of the time.
Criterion C: The methodology should be as simple as possible, for ease of interpreting and explaining the signals generated by this monitor.
Once criteria A and B were satisfied, we made methodological decisions to maximize simplicity. The result is a monitor that is straightforward to interpret, as discussed below in Interpretation and Use of the Monitor.
Limitations of the Monitor
The FSVM is a useful starting point for assessing financial system vulnerabilities. It is not the sole basis for that assessment because it is limited in two key ways.
14 First, the FSVM does not cover all vulnerabilities. Many vulnerabilities lack sufficient data to enter into this monitor (for example, leverage in hedge funds). Some vulnerabilities must be evaluated qualitatively (for example, many operational risks). Other vulnerabilities do not vary enough over time to be properly measured in a heat map based on variation from high to low states of vulnerability (for example, structural features such as run risk in money market funds).
Second, the FSVM does not incorporate qualitative information, mitigating factors, or expert interpretation -all of which are required to properly assess the level of vulnerability.
Given these limitations, the FSVM must be interpreted and used in the context of other information and expert analysis, as described in the next section.
Interpretation and Use of the Monitor
Interpreting the indicator and category scores is straightforward, given the simplicity of the methodology. Most important, all indicators and categories report each heat-map color one-sixth of the time.
A red score signals that an observation is within the sextile (one-sixth or 16.6 ̅ percent) of values that indicates the highest potential vulnerability. 5 The other color scores signal that an observation is within a lower sextile of its distribution (see Figure 7) , indicating lower potential vulnerabilities. The FSVM measures U.S. core inflation as core Personal Consumption Expenditure inflation (core PCE), calculated as the absolute distance from a 2 percent year-on-year rate of change (as reported in the indicator table in Appendix A and on the FSVM webpage). From this we know that the core PCE inflation rate was further from 2 percent in the second quarter than in the first quarter. . It extends to a much broader set of data than can be included in these two tools. This involves conducting a full assessment of financial system stability, considering sources of risk as well as sources of resilience and other mitigating factors.
The OFR carries out this monitoring and assessment on an ongoing basis, reporting potential threats and its systemwide assessment in its Financial Stability Report and Annual Report.
Conclusion
The FSVM is a quantitative tool that signals potential vulnerabilities to the U.S. financial system. It indicates areas where investigation is needed.
The monitor is constructed as a heat map of 58 indicators in six categories. Each indicator is scored by ranking its quarterly observations from lowest potential vulnerability to highest and color-coding those ranked observations in six equal-sized groups. The indicator scores are aggregated into category scores using a similar process. Category aggregates can dilute the information in the underlying indicators. They should always be considered in the context of the underlying indicator scores.
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The FSVM can provide an early and public warning of potential vulnerabilities in the U.S. financial system. Its indicator and category scores show increasingly elevated vulnerabilities three to five years before the 2007-09 financial crisis.
The FSVM alone cannot provide final conclusions about financial stability. Not all vulnerabilities have the data or properties necessary to be included in the FSVM. Qualitative information and expert assessment are needed to draw conclusions about financial system vulnerabilities. The OFR monitors the broader set of information on an ongoing basis and provides an expert assessment of U.S. financial stability in its Financial Stability Report and Annual Report.
The design of the FSVM will allow the OFR to revisit and improve indicator selection and
